Background: Patients with psychotic disorders show impairments in the recognition of emotions in other people. These impairments have been associated with poor social functioning as measured by self-report questionnaires, clinical interviews and laboratory-based tests of social skills. The ecological validity of these tests, however, is low. Associations were examined between emotion recognition and daily life social interactions in 50 patients diagnosed with a non-affective psychotic disorder and 67 healthy controls. Methods: All participants were assessed with the Degraded Facial Affect Recognition Task (DFAR), a computer test measuring the recognition of emotional facial expressions. Social functioning in daily life was assessed using the Experience Sampling Method (a random time sampling technique) with focus on measures of social context and appraisal of the social situation. Results: Groups differed significantly in the recognition of angry faces, whereas no differences existed for other emotions. There were no associations between emotion recognition and social functioning in daily life and there was no evidence for differential associations in patients as compared to controls. Discussion: Social functioning, when assessed in an ecologically valid fashion, is not sensitive to variation in the traditional experimental assessment of emotion recognition. Real life measures of functioning should guide research linking the handicaps associated with psychosis to underlying cognitive and emotional dysregulation.
Introduction
Alterations in the processing of emotions have long been considered as one of the central features of schizophrenia (Kraeplin, 1919; Bleuler, 1950) . Although the research initially focused on alterations in the experience and expression of emotions, the ability to perceive emotions expressed by others has received growing attention (Mandal et al., 1998; Edwards et al., 2002; Kohler et al., 2010) . Results of recent meta-analyses showed moderate to severe deficits in emotion perception in psychotic disorders (Chan et al., 2010; Kohler et al., 2010) . Problems with emotion perception have been hypothesized to impact functional outcome (Couture et al., 2006) . Pan et al. (2009) reported an association between emotion recognition in stable patients with schizophrenia and various aspects of social functioning (such as social role performance, self care and global social functioning) as indexed by scales administered by senior psychiatrists. Emotion recognition has also been associated with role play exercises that mimic real life social situations (Meyer and Kurtz, 2009) .
Measures of social functioning used in previous studies heavily rely on patient-, family-or staff-interviews and rating scales, self-report questionnaires and laboratory-based (social role play) tests of social skills (Hooker and Park, 2002; Yager and Ehman, 2006) , each of which comes with particular limitations. Observational research and interviews with caretakers or family may be limited due to restricted access to patients' lives or inadequate knowledge of their day-to-day functioning. Self-report questionnaires, on the other hand, may be biased by patients' limited degree of insight, cognitive impairment, personal values or recall bias. Although experimental tasks measuring social skills have the advantage of control over a large number of test parameters, this may come at the expense of the ecological validity (Yager and Ehman, 2006) .
The current study therefore aimed to measure social functioning directly as it evolves in the moment in real life. To this end, the Experience Sampling Method (ESM), a structured diary technique facilitating data collection in everyday life, was used Oorschot et al., 2009 ). This method assesses the patients' experiences "in-the-moment", thus minimizing memory distortion and interpretation biases. Our aim was to examine the association between performance on a laboratory measure of emotion recognition (i.e. the Degraded Facial Affect Recognition Task, in short DFAR, designed by van 't Wout et al. (2004) ) and the ESM-'daily life social functioning'. This association was examined in a group of healthy controls and a group of patients with psychotic disorder, as differences might provide more insight into the nature of this disorder.
Methods

Sample
The sample consisted of patients diagnosed with a psychotic disorder and healthy controls. Patients were recruited through mental health institutions and patient associations in representative geographical areas in the southern part of The Netherlands and the northern part of Belgium. Controls were selected through a system of random mailings in the same areas. Inclusion criteria were: (i) age between 16 and 60 years, and (ii) sufficient command of the Dutch language. For the patients, an additional inclusion criterion was a DSM-IV diagnosis of a non-affective psychotic disorder based on the DSM-IV-TR criteria, assessed with the Comprehensive Assessment of Symptoms and History interview (CASH; Andreasen et al., 1992) , whereas controls were screened with the CASH to exclude such a diagnosis. For both groups, a current diagnosis of affective disorder was not an exclusion criterion. However, none of the patients fulfilled the criteria for a current affective disorder. Detailed information on the diagnoses for both groups is given in Table 1 . As schizophrenia in itself is a heterogeneous category (Keller et al., 2011) , and the validity of this diagnosis has been questioned over the last decade (Kendell and Jablensky, 2003; Van Os, 2009; Keller et al., 2011) , a broad range of psychotic disorders has been included in this study. The Local Medical Ethics Committee approved the study and written informed consent was obtained from all subjects.
The Experience Sampling Method
The Experience Sampling Method (ESM), a random time sampling self-assessment technique, was used to study social functioning in daily life ). Subjects received a booklet with self-assessment forms and a digital wristwatch. The watch emitted a signal 10 times a day at random moments, between 7:30 AM and 10:30 PM, for six consecutive days. After each signal, subjects reported on their thoughts, psychotic experiences, mood, current context and appraisal of the context. All experiences were rated on a 7-point Likert scale or coded open questions. During an initial briefing session, subjects were instructed about the ESM procedure. To minimize biases due to memory distortion and post-hoc interpretation, subjects were instructed to complete their reports immediately after the signal and record the time at which they completed the form. Conforming to previous ESM studies, reports completed for more than 15 min after the signal were excluded from the analysis. Similarly, subjects with fewer than 20 (out of 60) valid reports were excluded, in order to optimize reliability and validity (Delespaul, 1995) .
ESM measures
At each beep, participants reported on the social context by indicating i) whether they were in company of others (alone: 0=no, 1=yes), and ii) the nature of this company (0=familiar company i.e. partner, children, relatives, colleagues and friends, and 1=unfamiliar company i.e. acquaintances or strangers (Collip et al., 2011) ). Furthermore, participants had to appraise the social situation with three statements: 1) "I like this company"; 2) "I would prefer to be alone"; and 3) "we are interacting", all scored on a 7-point Likert scale (1=not at all, 7= very). These reports on the social context and the appraisal of the social situation were used as indicators of social functioning in daily life.
Degraded Facial Affect Recognition Task
The Degraded Facial Affect Recognition Task (DFAR) was used as a measure of emotion recognition. This performance-based social cognition task measures emotional face recognition in degraded photographs. Subjects are presented with photographs of 4 actors, 2 male and 2 female, depicting emotional facial expressions. Subjects were asked to indicate the expression of each face by a button press and to respond as accurately as possible. The photographs of the faces were passed through a filter resulting in a reduced visual contrast by 30%. This method was adopted in order to increase difficulty and to enhance the contribution of perceptual expectancies and interpretation. Subjects were presented with 64 trials, and 16 presentations in each condition; angry, happy, fearful and neutral (van 't Wout et al., 2004) . In the analyses, the total amount of correct answers per facial expression was used. Higher scores on the DFAR are indicative of a better ability to recognize facial expressions of that particular emotion. The short form of the Benton Facial Recognition Test (Benton et al., 1983) , a measure of the ability to match non-emotional, unfamiliar faces, was used to exclude participants scoring insufficiently on general facial recognition ability.
Statistical analysis
Differences in emotion recognition between patients and controls were tested with regression analyses, with group as independent variable and each DFAR category (neutral, happy, fear and anger) as dependent variable. This was done using the REGRESS command in STATA 11.2 (StataCorp, 2009).
To examine whether emotion recognition was associated with social functioning, multilevel random regression models were estimated. A multilevel (or hierarchical) model, a variant of the more often used unilevel regression model, is ideally suited for the analysis of the ESM data as they consist of multiple observations within one person. All analyses involving the ESM data were therefore computed with the XTMELOGIT (binary outcome variables) and the XTMIXED (continuous outcome variables) modules. Linear multilevel models were estimated with the DFAR score as independent variable and the social context and appraisal of the social situation as dependent 4.5 (1.0) 4.3 (1.1) "I prefer to be alone" (SD)
1.6 (0.7) 1.9 (0.9) "I like this company" (SD)
6.0 (0.6) 5.3 (1.0) variables respectively. Separate models were estimated for the 4 different emotions. In order to assess whether variation in the DFAR score impacted differently on social functioning for patients and controls, the interaction between the DFAR score and GROUP was estimated.
In order to reduce the probability of type I errors as a consequence of the amount of models that were tested, the results of the regression models were corrected for multiple testing (Bender and Lange, 2001) . Because the tests were not independent the Simes' method was used. This method represents an improvement over the more conservative Bonferroni procedure in the case of positively dependent hypotheses (Simes, 1986) . With the Simes' correction, the most significant P-value is tested against α = .05 / n (total number of tests), the second most significant P-value is tested against α =.05/(n−1), the third P-value against α = .05/ (n−2), etcetera. Both dependent and independent variables were standardized using the STD command in STATA, yielding standardized values for each variable with mean (0) and standard deviation (1). The standardized B is equivalent to Cohen's effect size (Cohen, 1988) . All analyses were a priori adjusted for sex as prior research has shown gender differences in emotion recognition (Lewin and Herlitz, 2002; Weiss et al., 2006) and social functioning (Andia et al., 1995) .
Results
Descriptives
Of the 126 subjects that initially participated in the study, 6 were excluded because of an insufficient number of valid ESM reports (b 20), another 3 were excluded because they scored beneath the cut-off on the Benton Facial Recognition Test. The final sample therefore comprised 67 healthy controls with 2960 completed ESM reports, and 50 patients with 1936 completed ESM reports. Demographic characteristics are summarized in Table 1 . Groups differed on the amount of time they spent in unfamiliar company (χ2 (1)=24.51, P=0.000), on "I like this company" (B= −0.65, P = 0.000, 95% CI: −0.94; −0.35) and "I would prefer to be alone" (B= 0.31, P= 0.045, 95% CI: 0.01; 0.61), indicating that patients spent less time in unfamiliar company, more often preferred to be alone and more often appraised their company as less pleasant. Groups did not differ on time spent alone (χ2 (1) = 2.05, P = 0.152) or on level of interaction (B = − 0.25 P = 0.204, 95% CI: − 0.63; 0.14). For patients, a description of the mean scores on the ESM measures of social functioning per diagnostic category is provided in Table 2 .
Emotion recognition
Regression analyses showed a significant difference between groups on the DFAR anger score. No significant differences were found between groups in the fear, happy and neutral conditions (see Table 3 ). For patients, a description of the mean scores per diagnostic category is provided in Table 2 .
Association between emotion recognition and social functioning
Multilevel analysis revealed no significant main effect of emotion recognition (any of the four emotions) in the model of being alone or being in familiar company, nor in the model of "I like this company", indicating that variation in emotion recognition did not influence the social context nor the appraisal of the context. A significant main effect was found for recognition of happy faces in the model of "we are interacting", suggesting that people report a greater degree of active interaction when they are better at recognizing happy faces. Similarly, a significant main effect was found for recognition of fearful faces in the model of "I prefer to be alone", suggesting that a better recognition of fearful faces more often results in preference for social withdrawal. However, these results did not remain significant after Simes' correction. No significant interaction effects were found between group and emotion recognition in the models of social context as well as in the models of the appraisal of the social situation, suggesting that associations between emotion recognition and social functioning are similar in patients and controls. A borderline-significant interaction between group and happy faces was found in the model of social context, but this did not survive correction for multiple testing (see Table 4 ).
Discussion
Main findings
This is the first study, to our knowledge, to show that the ability to recognize emotions has almost no direct effect on social interaction in real life. This was true both for patients and for healthy controls.
The absence of evidence supporting the association between emotion recognition and social functioning in daily life fits the current debate on the relevance and validity of the assessment of social cognition and social functioning (Brekke et al., 2002; Koren et al., 2006; Yager and Ehman, 2006) . Unlike neurocognition, social cognition is not a unitary concept. Social cognition is a complex construct with a multidimensional structure with lower-and higher-level abilities that are hierarchically distinct (van Hooren et al., 2008; Ochsner, 2008; Manusco et al., 2011) , all supposedly relevant for social functioning. However, the latter has not been widely investigated. Emotion recognition has been related to social functioning measured with self-report questionnaires, interviews and even laboratory-based tests of social functioning (Hooker and Park, 2002; Yager and Ehman, 2006) . However, the ecological validity of these measures is questionable. This is the first study assessing social functioning directly in daily life, minimizing recall and observer biases, and independent of the patients' lack of insight or cognitive impairment. Furthermore, the ESM method offers a more subtle and fine-grained assessment of social functioning, also enabling the discovery of social patterns that Koren et al. (2006) already suggested that standard laboratory tests, like the DFAR, are useful for distinguishing impaired from normal performance in specific domains (such as facial emotion recognition), which may not relate, however, to more complex processes that appear to underlie real-world social functioning. Facial emotion recognition in itself may not be associated with social functioning as it is only one aspect of a much more complex construct. In addition, knowledge and abilities, the domains that classical tests measure, are only part of the determinants of real world performance. Metacognition, self-competence monitoring and using this knowledge to control behavior, is at least as important, especially when knowledge and abilities are lacking (Koren et al., 2006; Lysaker et al., 2011) . The absence of evidence of an association between emotion recognition and social functioning in daily life supports the notion that finding the determinants of social functioning is not a straightforward quest and it is not (only) facial emotion recognition that determines social functioning, but a complex interaction of several cognitive traits.
Sample characteristics
A particular strength of this study is the use of a control group, providing a reference against which the results found in patients can be interpreted. In healthy controls, emotion recognition was, similar to patients, not associated with social functioning, strengthening the conclusion that emotion recognition is not involved in daily life social functioning. Another strong point is the significant difference between the patient and the control group on almost all ESM social functioning variables, suggesting sufficient sensitivity of these ESM questions in the current sample.
The patient sample used for the analyses of the current study consists of patients with relatively well-preserved affect recognition skills (i.e. only angry faces were less accurately recognized by patients relative to healthy controls). The results are in line with evidence from previous studies showing only mild impairments in patients or even scores within the range of healthy controls Bryson et al., 1997; Nelson et al., 2007) . Arguably, including patients with all possible non-affective psychotic disorders as opposed to schizophrenia diagnoses only may have influenced our findings (i.e. the current sample may be less impaired). However, post hoc analyses including only those with a schizophrenia diagnosis did not change the results. Also, for one of the facial expressions (happy faces) both groups score relatively high. As ceiling levels are being approached, a possible groupdifference cannot be excluded for the recognition of happy faces. The main focus of our analyses, however, was on the association between emotion recognition and social functioning, for which the exact nature of performance on emotion recognition is not relevant.
Methodological issues
A number of comments and limitations are worth mentioning in evaluating the findings of this study. In order to control for the level Mean score on the DFAR represents mean number of correctly identified expression with a maximum score of 16. A positive B is indicative of a better performance for patients compared to controls.
Table 4
Association between emotion recognition and social functioning (main effect), and difference between groups in the association between emotion recognition and social functioning (interaction effect). Appraisal of social situation B (95% CI) P Appraisal of social situation B (95% CI) P "we are interacting" "we are interacting" DFAR score -neutral No P b corrected (α) after Simes' correction for multiple testing (most significant P-value is tested against α = .05 / n (total number of tests), second most significant P-value is tested against α = .05 / (n−1), third P-value against α = .05 /(n−2), etc.).
Main effect
of type I errors, the results were corrected for multiple testing. Although the more liberal Simes' method was used (Simes, 1986) , there is a possibility that our conclusions are too conservative. When interpreting our data more liberally, our results could indicate a role for the detection of positive and negative emotions (i.e. happiness and fear) in social engagement and social withdrawal respectively. These results could be indicative of a role for the detection of social cues or threat vigilance in the relationship between social cognition and social functioning in daily life, which is in line with evidence linking abnormal threat perception to paranoia (Philips et al., 2000; Green et al., 2010) and emotion detection skills to social functioning (Manusco et al., 2011) . This however needs further investigation in larger samples. The ESM measures are based on subjective reports, and are therefore considered to be less reliable (i.e. Do all subjects interpret the questions in a similar way?). Previous research, however, implies that subjective reports can be valid, and that the validity of objective reports should not be taken for granted (Strauss, 1994) . Moreover, the ESM requires subjects to comply with the paper and pencil diary protocol without the researcher being present. The reliability of and compliance with the ESM have been queried in paper and pencil ESM studies, some favoring the use of electronic devices (Stone et al., 2002; Broderick et al., 2003) . In a comparative study, however, it has been shown that both techniques yield similar results (Green et al., 2006) . Subject compliance has been studied using an intensive, random time sampling protocol similar to the protocol of this study. Results support the validity of momentary self-report data as gathered in this protocol (Jacobs et al., 2005) . It could be argued that the ESM measures used are not a reflection of social functioning, as subjects may merely report passively on the company they are in. However, initiation and maintenance of any social interaction are based on the presence of other people and the subject's appraisal of this context in the realm of daily life. It would be difficult to envisage how variation of these variables in the flow of daily life would not reflect social functioning to a degree. Nevertheless, future ESM research should include more refined measures of social functioning in daily life. Similarly, traditional emotion recognition tasks that are based on laboratory tasks may also be complemented by measures in daily life, possibly using smart mobile technology that interactively allows individuals to rate emotion recognition in the flow of daily life.
Conclusion
This is (to our knowledge) the first study that investigates the association between experimental assessment of emotion recognition and social functioning measured implicitly in daily life. The findings show no evidence to support the notion that emotion recognition and social functioning, thus measured, are associated in patients with non-affective psychotic disorder. Also, no association was found in healthy controls. This study shows the complexity involved in linking emotion recognition and social functioning, highlighting the importance of the use of ecologically valid measures when studying these complex constructs.
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